In China, the total amount of pig manure produced per year is 208 million tons, and pig manure can be a pollutant as well as a source of nutrients (Li et al. 2015) . Application of pig manure can increase soil organic carbon storage (Zhang et al. 2009 ), and increase rice yield (Maris et al. 2016 ), but at the same time promote N 2 O and CH 4 emissions because soil N 2 O and CH 4 emissions are moderated by multiple factors such as soil inorganic nitrogen (N) and organic carbon (C) availability (Zhou et al. 2017) . Maris et al. (2016) assert that the use of large amounts of pig manure can actually reduce yield-scaled emissions (YSE), and this was attributed to the formation of phytotoxic substances in the soil at high organic C contents. The term 'stabilized fertilizers' refers to fertilizers with urease inhibitors and/or nitrification inhibitors added in the production process. The application of stabilized fertilizers is known to increase rice yield (Yin et al. 2017) and reduce N 2 O and CH 4 emissions by inhibiting nitrification and denitrification (Zhang et al. 2010 , Vitale et al. 2018 . Therefore, this experiment aimed to explore whether the application of stabilized fertilizer with pig manure can promote the increase of rice yield and reduce N 2 O and CH 4 emissions.
MATERIAL AND METHODS
Field site. The field experiment was set up at the Shenyang Experimental Station of the Institute of Applied Ecology, Liaoning province, China (43°32'N, 123°23'E). The mean annual air temperature is 7-8°C; the mean annual precipitation is about 700 mm and the frost-free period is 147-164 days. The test soil was an Alfisol with an organic C content of 13.18 g/kg and a total N of 1.24 g/kg. Before this experiment, paddy fields had been planted for 27 years. The field was set up in spring 2017, and the experiment was launched in spring 2018. The farming system is continuous rice with one season per year.
Test design. Four treatments were established: urea (U) (180 kg N/ha, 53 kg P/ha, 124 kg K/ha); pig manure (PM) (266 kg N/ha, 81 kg P/ha, 194 kg K/ha); pig manure and urea (PM + U) (266 + 180 kg N/ha, 81 + 53 kg P/ha, 194 + 124 kg K/ha); pig manure and stabilized nitrogen fertilizer (urea with 1% NBPT (N-(n-butyl) thiophosphoric triamide), 1% PPD (phenylphosphorodiamidate) and 2% DMPP (3,4-dimethylpyrazole phosphate)) (PM + U + I) (266 + 180 kg N/ha, 81 + 53 kg P/ha, 194 + 124 kg K/ha). The local PM application rate was 12 600 kg/ha, containing 21.11 g N/kg, 6.40 g P/kg, and 15.40 g K/kg. Fertilizers were urea (46% N), triple superphosphate (19% P), and KCl (50% K), respectively. The inhibitors NBPT, PPD and DMPP, were applied at a rate of 1, 1 and 2% of urea nitrogen, respectively. A randomized block design with three replicates was arranged. The area of each plot was 30 m 2 (5 m × 6 m). Fertilization and irrigation were carried out on May 25. On May 29, rice seedlings (cv. Meifeng 9) were transplanted at a density of 15 cm × 30 cm and 3-5 rice seedlings per hole. Field management was in line with local traditions. Soil properties before fertilization in 2018 are shown in Table 1 . Harvest took place on October 16 th .
Sample collection and analysis. Soil pH was measured in a 1:2.5 soil/water suspension with a combination electrode. Available N was extracted using 2 mol/L KCl solution, available P was extracted using 0.5 mol/L NaHCO 3 , and available K was extracted using neutral 1 mol/L NH 4 OAc (Zhao et al. 2004 ). In-situ N 2 O and CH 4 emissions were measured in the rice field in May 2018 by the static chamber method . Static boxes made of transparent plexiglass with sealed tops contained two parts, namely the base and body. The base was 30 cm in diameter, with a groove in the middle and a height of 10 cm. The body was 30 cm in diameter and 50 cm in height. Small fans were installed inside the static boxes. Gas samples were collected every 2 days in Paper Plant, Soil and Environment, 65, 2019 (10): 497-502 the first week after fertilization, and then every 7 days in the first month. In the case of rain, the sampling time was adjusted appropriately, and gas was collected every 2 weeks in other months. N 2 O was collected a total of 7 times during 31 days, and CH 4 was collected a total of 12 times in 109 days. Gas samples were collected with a 50-mL syringe and immediately transferred into 200-mL gasbags at 0, 15, 30 and 45 min after the cap was placed on the chamber. Sampling time and temperature in the chamber were recorded. The temperature inside the chamber was measured by a thermocouple 20 cm from the top of the body. Gas samples were analyzed by gas chromatograph (Agilent 7890B, Gas Chromatograph, Delaware, USA). The cumulative emissions (CE) of N 2 O (kg N 2 O/ha) and CH 4 (kg CH 4 /ha) were calculated by summing the products of the average of two neighboring measurement fluxes by their interval time (Vitale et al. 2018) .
Original
N 2 O and CH 4 emissions were used to calculate their combined emission as CO 2 equivalents (NCE kg CO 2 eq/ha). The following equation was used:
Where: GWP (CH 4 ) and GWP (N 2 O) -global warming potential (GWP) of CH 4 and N 2 O relative to CO 2 , which are 25-and 298-fold greater than that of CO 2 on a 100-year horizon, respectively.
Yield-scaled emissions (YSE) were calculated using the following equation: (Figure 2a ), reflecting the difference in total fertilizer N inputs. It has been suggested that N fertilizer posed the greatest impacts when applied at rates higher than crop demands (Pittelkow et al. 2014) . Vitale et al. (2017) reported lower N 2 O fluxes in soil treated with organo-mineral amendments This may be due to the delay in urea hydrolysis caused by urease inhibitors (Yin et al. 2017) , making more NH 4 + -N available in synchrony with plant demand (Zhang et al. 2010 ) and thus reducing nitrification substrates. The nitrification inhibitor further inhibited nitrification, directly reducing the formation of NO 3 --N, the substrate for denitrification (Yin et al. 2017) . Meanwhile, NO 3 --N may increase with time to reduce the ratio of DOC/NO 3 --N and, therefore, reduce denitrification, which may also be an important reason for our observations (Sosulski et al. 2016) . We also found that N 2 O flux was significantly correlated with NH 4 + -N and NO 3 --N in the paddy water layer (Table 2) . This was in line with the fact that NH 4 + -N and NO 3 --N are important substrates for nitrification and denitrification (Gregorutti and Caviglia 2017) . CH 4 flux. The CH 4 emission differed from N 2 O (Figure 1b) , with a strong increase 10 days after irrigation. This may be a result of decreased CH 4 oxidation after an irrigation (Banger et al. 2012) . The low CH 4 production in the first 10 days may be due to the relatively high oxygen content in the water, i.e., high CH 4 oxidation, as discussed by Hao et al. (2019) . Large amounts of CH 4 are typically produced during the rice-growing season (Shang et al. 2011 ). As seen in Figure 2b , the cumulative emission in the PM treatment was larger than in the U treatment (P < 0.05), indicating that the CH 4 emission potential of pig manure is greater than that of urea. This is likely because pig manure is a rich source of carbon and nitrogen, providing more substrates for CH 4 production (Linquist et al. 2012) . Compared with U, PM + U increased the cumulative emissions of CH 4 (P < 0.05), which is consistent with other work (Linquist et al. 2012 ). However, cumulative emissions (Ruser and Schulz 2015) . The application of urea increased available nitrogen, and the addition of inhibitors further influenced the existing forms of nitrogen; this is beneficial to the growth of methanotrophic organisms and results in increased CH 4 oxidation (Maris et al. 2016) . Rice yield and YSE. Table 3 shows that the yields of PM + U and PM + U + I were not significantly different from those of U and PM, indicating that the conventional urea application and local practice of returning pig manure to the field can meet the nitrogen demand of rice; higher inputs of nitrogen would not increase rice yield. YSE in the PM treatment was significantly greater than in the U treatment (P < 0.05), which is consistent with the research of Zhou et al. (2017) . This phenomenon can be attributed to the fact that CH 4 emission is the main contributor to NCE in paddy fields (Shang et al. 2011) , accounting for more than 99% of NCE in all treatments (Table 2) . PM application may provide more nitrogen, promote the abundance of methanogens and provide more DOC directly or indirectly, which is an important determinant of CH 4 production (Zhang et al. 2018) , thus leading to the increase of YSE. When we compared the YSE of the PM + U and PM treatments, we found the PM + U treatment to be significantly lower than the PM treatment (P < 0.05). In the PM + U treatment, application of extra inorganic nitrogen afforded nutrition for soil microorganisms, but made carbon a limiting factor for microbial reproduction and activity (Chen et al. 2014 ). This increased microbial demand for carbon likely led to the lower YSE. Between the PM + U + I and PM + U treatments, YSE was significantly less in the PM + U + I treatment (P < 0.05). Inhibitors delay urea hydrolysis and nitrification (Yin et al. 2017) , leaving more NH 4 + -N in the paddy fields, which can result in the stimulation of methanotrophic activity and CH 4 oxidation, leading to the observed results (Maris et al. 2016 ). It can be concluded that under the condition of PM returns to the field, concomitant application of stabilized nitrogen fertilizer (PM + U + I) can not only guarantee rice yield but also reduce N 2 O and CH 4 emissions, which is an effective way to develop environmentally-friendly management and maximize the benefit of pig manure in paddy fields. 
